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ABSTRACT

This report documents the findings and recoinmendations from a study of fire vehicle
replacement procedures. Exploration of that subject proved to require consideration of
related issues arising in: (1) writing apparatus specifications, (2) maintaining and

repairing vehicles, and (3) obtaining spare parts. The topics and most of the recommenda-
tions described herein are synthesized directly from visits and/or telephone interviews
with fire department officials across the country. The recommendations of the study call
for greatly increased communication among departments, the development of standards for

vehicle performance, maintenance staff size, etc., and national and/or regional centers
for training personnel and establishing standard vehicle testing procedures.

Key words: Engine pumper; fire vehicle; ladder truck; maintenance; replacement; specifi-
cations; standards.
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I. INTRODUCTION

This report documents an exploration of the policies and procedures used by fire

departments in their replacement of pumpers and trucks. Wide variations in these policies

and procedures were found, reflecting both their relationships with other aspects of over-

all fire department operation and the substantial differences, nationwide, among local

government structures and regulations. Despite these variations, it proved possible to

identify several broad areas perceived commonly as "problems"; such identification was a

major goal of our effort.

How vehicle replacement is or should be carried out depends on a number of other

elements in a department's activities. Proposed innovations or improvements in replace-

ment policies cannot be evaluated without considering both what options are available in

these other aspects of departmental operation, and how much control over replacement the

fire department is given by the jurisdiction it serves. This report is intended to illu-

minate and emphasize the options for change and to indicate areas for practical improve-

ment. It is hoped that our articulation of difficulties and potential remedies will

stimulate further thought and discussion by members of the fire services, both within
individual departments and on a nationwide interdepartmental level, leading ultimately

to resolution of at least some of the apparatus-related problems associated with fire

protection.

Equipment replacement problems have a Ipng history in industrial engineering and
operations research. In an earlier paper [l}^^)^ fire vehicle replacement was studied

on an idealized mathematical basis comparing the trade-off between (a) avoidance, through
early replacement, of older vehicles' increasing maintenance costs, and (b) the cost of

purchasing new vehicles. Although interesting from a theoretical standpoint and as a

framework for analytical discussions, the model developed in that early study is not

directly applicable for use by most fire departments today. Nevertheless, its announce-
ment generated inquiries and expressions of interest from numerous officials of fire

departments and city administrations, thus indicating considerable and widespread concern
over fire vehicle replacement problems. These requests stimulated initiation of the

current study, to examine more closely the nature of the fire vehicle replacement "scenario"
with the aim of identifying its less satisfactory aspects and arriving at practical
recommendations for dealing with them.

Our approach was to systematically collect information about all facets of vehicle
replacement through interviews with numerous fire department officials. In addition to

contacting most of the fire departments that had expressed interest in the earlier study

[1], members of the project team spoke by phone and/or in person with officials from
additional fire departments chosen to secure a wider geographical distribution across the
country. Discussions were conducted with a total of 30 departments, and about half of

these were visited; those contacted ranged in size from large city to small town, and in

location represented both coasts, the far Northwest, the Southwest, the South, the Midwest,
the Rocky Mountain Area, and New England.

We want at this point to acknowledge with appreciation the hospitality, cooperative-
ness, and warm interest accorded our visits by fire department staffs (both chiefs and
subordinates) , as well as the similar responsiveness typical of those we could "visit"
only via the impersonal medium of the telephone. The importance of such a reaction,
for a study such as this, will be obvious to the reader. Many fire chiefs took the

Sponsored by the National Bureau of Standards' Fire Service Technology Program
(head: Dr. B.M. Levin), a part of the Bureau's Programmatic Center for Fire Research
(head: Dr. J.W. Lyons). During the course of the project, sponsorship was transferred
to the National Fire Prevention and Control Administration.

(2)
Numbers in brackets indicate references listed in Section VI of this report.

(3)
Alaska and Hawaii are not represented.
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opportunity offered by our interview to discuss the principal problems they saw confronting
them, often in a context broader than the "vehicle replacement" theme governing this
study; feeling that these more general views should be recorded, we present them in

Appendix A of the report.

A limitation of the study's scope is made evident in the title of this report. We
have served mainly as reporters and synthesizers of fire departments' views as to the
nature and relative importance of the various replacement-related problems which face them .

Our information-gathering sessions were relatively brief; no independent observations or
verifications were undertaken; the (possibly) distinctive views and insights of fire
vehicle manufacturers and city managements were not solicited . We therefore do not
consider ourselves entitled to adopt (and hope to have avoided), in what follows, the
dogmatic tone of "instant experts."

At the present time, guidelines range from a 10 year replacement policy in New York
City (where engine companies respond to as many as 25,000 alarms by the time of replace-
ment), to policies of keeping vehicles in good operating condition as long as possible,
sometimes as long as 30 to 35 years. However, the policy most frequently encountered is

that referred to in Municipal Fire Administration [2] which states, "Pumpers will probably
last an average of 15 to 20 years; ladder trucks, 20 to 25 years, plus a reserve service
of about 5 years." Even though the book goes on to make allowances for situations in

which other replacement policies are appropriate, it seems to be the single sentence
quoted above which many fire departments feel is imposed too rigidly by city budget
officials. This study should clarify the need for, and possible directions of, more
flexible guidelines.

The predominant opinion of the fire officials interviewed is that the expected vehicle
life called for in the above policy is far too long. One responding department, however,
is required to assume an even longer expected vehicle life, and would be delighted to

obtain replacements according to the above policy. On the other hand, several other depart-
ments felt "pressured" to comply with this standard because of its influence on under-
writers' ratings, even though they feel capable of maintaining in good condition vehicles
older than the recommended age. The disparity of these two situations becomes under-
standable when traced to differences in other aspects of the overall fire department
operation.

Section II, below, gives an overview of vehicle replacement. Sections III-IV present
in some detail discussions of various factors directly involved in the replacement process
as well as other elements of the total operation which affect replacement decisions.
Suggestions, recapitulated in Section V, are made for possible improvements in several
areas; some of them would require kinds of data not generally collected today, a point
taken up more explicitly in Appendix B. • ,,

,

Solicitation of these views would be a natural follow-up to the present study.
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II. FIRE VEHICLE REPLACEMENT: AN OVERVIEW' '

In an ideal vehicle replacement process, one would rationally decide that a vehicle
needed to be replaced, and then proceed to replace it directly thereafter. Unfortunately,
for many reasons fire departments are not free to operate in this ideal manner.

In practice, replacement is indicated if a vehicle is irreparably broken down, or is

thought to be undependable , or if its cost of repairs becomes too high, or if it

breaks down too often. Except possibly in the first case, however, a subjective judgment is

required to determine how much is "too high" or "too often". Furthermore, a vehicle may

be regarded as "irreparably broken down" simply because parts needed for repair are not

available, even though the "fix" itself would be relatively minor were the proper materials

at hand.

A second complication concerns the part of the replacement process which comes after

the decision to replace has been made.^^-^ There is typically a long delay between deciding
on replacement and being able actually to put a new vehicle into service (currently the

manufacturer's delivery period alone is 18 to 24 months!), yet service must be maintained
in the interim. Here the difficulties can be divided into two general categories:

1. Funds for replacement must be committed. This required both the availability
of funds in the municipal government and the ability to convince the relevant
funding agents of the need for replacement.

2. Specifications must be written, bids must be made and accepted, orders must
be written, and finally the vehicle must be delivered and tested prior to

being placed in active service.

These two areas of complication, deciding to replace and replacing, are closely
related. For example, if the post-decision part of the replacement process itself can
take three years, then it is obviously not feasible to wait for total breakdown to occur
before beginning a replacement action. On the other hand, the further a vehicle is

from total breakdown, the more difficult it is to convince others that replacement is

needed. This dilemma points up the need to set up a systematic policy for replacement .

Development or revision of such a vehicle replacement policy should consider all relevant
aspects of the replacement process, including alternatives to replacement.

A formal replacement policy serves the following important purposes.

1. It is a plan designed to avoid being underequipped while waiting for replacements
to arrive and enter service. By ordering a new vehicle sufficiently in advance
of the need for it, there will always be a full fleet of first line vehicles.

2. It is a way to help avoid unexpected "clustering" of replacements in time by
distributing purchases more evenly. This reduces the likelihood of a large
strain on the budget being concentrated during a short time period.

The entire discussion is phrased in terms of replacement rather than increasing
the working fleet of vehicles; however, much of the text is relevant to the latter objective
as well.

^^^Some departments will not repair a vehicle that has suffered a severe collision,
for fear that there might be invisible damage which could cause a failure at a time of
critical stress.

^^^This sharp division of the replacement process into two phases is somewhat over-
simplified, but will be retained for purposes of clearer discussion.
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3. It eliminates repeated arguments over essentially the same issues at each new
replacement incident, thereby lifting an unnecessary burden from personnel
both in the fire department and in the municipal comptroller's office.

4. For cities in which replacements are supported by bond Issues, the details
of a formal replacement policy should influence the terms of the bonds. Often
replacements can occur only at the time of a bond issue, which can be as infre-
quent as every 3 to 5 years. Under these conditions it is especially important
to have an estimate of how many of each type of vehicle will need to be replaced
prior to the next bond issue, so that the amount of the current issue will be
sufficient to cover the required purchases. Furthermore, if vehicles bought
with bond money cannot be replaced until the bonds are paid off, then the
expected vehicle life should be considered in setting the terms of the bonds,
i.e. prior to the bond issue.

These advantages of a formal replacement policy should make evident the need for

such a policy, and emphasize that the considerable care and effort required for its

development are warranted.

4



III. THE REPLACEMENT DECISION

Except for the obvious case when the vehicle simply cannot be made to operate,

deciding when to replace it is not a simple matter. If the decision must be defended and

justified to others, supporting evidence will be useful and may be required. Such evidence,

which should also play a role in making the decision in the first place, may consist of

the following information:
(i) data describing the present condition of the vehicle in question, and its

history of repair and reliability,
(ii) data describing the future performance of vehicles which were at one time

in the same condition,
(iii) a list of alternatives to outright replacement which have been considered

plus the reasons for their rejection.
This section will discuss some of the possible alternatives, and describe the types of

data and analysis which pertain to the replacement decision.

A. Repowering and Rebuilding . One obvious alternative to immediate replacement is

that of rebuilding vehicles. In some cases it may be cheaper to repower a vehicle, even

to install a new transmission and perhaps a new pump for a pumper, than to buy a new
vehicle. In fact, if the body and frame are intact one might (as at least one department

has done) build an otherwise "new" vehicle for a fraction of the cost of replacement.
To accomplish this, however, one needs an extensive maintenance facility, available either
in-house or under contract, fully staffed and adequately equipped for large scale repair
and maintenance work. Naturally, the economic justification for an in-house facility
of this type increases with the size of the department. In smaller departments where the

need to rebuild would occur rarely, such an extensive in-house facility is impractical.

More common than complete rebuilding is the practice of repowering or replacing a

damaged motor. At present many decisions to repower are in part motivated by the resultant
opportunity to convert from gasoline to diesel engines. It is generally accepted that
diesel engines not only require less maintenance and repair but also are more economical
to operate (cheaper fuel and better mileage) , a factor well worth considering in view of

the current energy crisis and its implications for the future.

In the process of deciding whether or not to rebuild or repower, the following
factors should be considered.

1. The current condition of a vehicle, together with its anticipated future usage
and the availability of parts for future repairs, indicate how much longer it can be
expected to function after an overhaul. If the vehicle in question is nearing the end
of its expected life, it may be preferable not to repair it, but instead to utilize in its
place a vehicle from the reserve fleet until a new replacement vehicle is obtained.

2. In many cases, older inoperative vehicles are more valuable as sources of canni-
balized parts than as "decrepit" pieces of apparatus requiring extensive repairs. In
fact, such a vehicle may provide the only source of parts for maintaining other vehicles
in the fleet.

3. When a department's current equipment lacks certain new design improvements,
e.g. enclosed cabs, heavier chassis for carrying additional equipment, etc., the advantages
offered by a new replacement vehicle with these features can outweigh the dollar savings
associated with rebuilding an older vehicle.

A. The extent to which the age of older vehicles has detrimental effects on depart-
ment morale and insurance ratings must be considered. Some departments, fearing insurance
penalties, do not keep older vehicles even though they feel capable of maintaining them
in first line condition. In other departments, using only the most up-to-date apparatus
available is considered of paramount importance to both the fire department and the
community.
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B. Data and Analysis . Some form of Information and analysis is used in every decision
process. Often the analysis is not conscious and the information simply consists of

recollections of past events, e.g. trips to the maintenance shop. If the number of vehicles
is small and the replacement decision does not require formal justification, then perhaps
this informal type of decision process is sufficient. As the number of vehicles increases,
however, it becomes more difficult to keep mental records on each individual vehicle.

Furthermore, concrete data and formal analysis can certainly be useful when justifying to

others the development or revision of a replacement policy.

Before continuing, it is important to distinguish between "data" and even the most

carefully kept "records", the term "records" is used here to refer to a written history of

events, usually organized for ease in recording. Sometimes records are organized for each

vehicle or for each company. Sometimes they are simply a chronological list of jobs com-

pleted at the maintenance shop, with the vehicle or company noted, but not organized by

vehicle or company. The term "data", however, will refer to information which can be

readily retrieved and is in a form organized to aid in answering the particular questions
posed. A simple example: even if there is a detailed and accessible log of all repairs for

each vehicle, including dates, down time, odometer readings, and cost of parts and labor,

it is still no easy chore to determine whether or not the repair cost over time of, for

example, clutches or the transmission for a particular vehicle, has been excessive relative
to that for other similar vehicles. It is not that such a question couldn't be answered,

but rather that the effort required discourages raising of the question. Yet this is pre-
cisely the type of question which should be raised in deciding whether and what to replace.

It is interesting that although almost every fire department has records, some of them
extremely well kept, the type of data described above was not found in any department
contacted. Perhaps justifications supported by data are not as yet so necessary, or perhaps
the time and cost of assembling data are felt to outweigh the likely value. Certainly,
so long as the majority of records are kept by hand, the labor needed to maintain and
utilize comprehensive data will remain inhibiting.

Without attempting a complete treatment, we present next a description of the kinds of

data and analysis that would be needed to establish a full basis of evidence for a rational
replacement decision for even a single vehicle. First, the past history of maintenance
and repair costs would need to be known. These costs include parts, labor, and amorti-
zation of the maintenance facility where applicable. (If maintenance and repairs are

handled by an outside facility then the cost is simply the charges incurred. If, however,
repairs and maintenance are performed by the fire department itself, then the cost of

operating the maintenance facility, staff, and equipment must be included.) Based on the

past records for the vehicle in question as compared to those for other similar vehicles,
future maintenance and repair costs as well as down time must be projected. Also needed
is an estimate of the analogous future costs if a new vehicle should be purchased. A
conscientious effort to arrive at any of these figures can be a complex matter involving
judgments, approximations, and (sometimes gross) simplifications. Even these are only
part of what is required, since the current and future cost of money, based on current
interest rates and estimates of future interest and inflation rates, should also be con-
sidered. As indicated earlier, there are yet other factors to examine, e.g. insurance
ratings, and the possibility of rebuilding the vehicle. Finally, vehicles cannot be con-
as totally independent entities, and their replacements may not be identical. Rather,

each vehicle is a part of the fleet and willingness to replace it depends somewhat on the

overall condition of that entire fleet. As mentioned previously, the economic justification
for replacement may be less critical if a replacement vehicle would provide a needed extra
capability.

A further factor that influences replacement policy is the pride and esprit de corps
characteristic of fire departments throughout the country, and the constant desire to

maintain this high level of morale. Surprisingly, these factors manifest themselves in

seemingly contradictory ways. Whereas one fire department may wish to keep its vehicles
as long as possible, reflecting the strength of its maintenance capabilities, other depart-
ments opt for the newest and most sophisticated apparatus, showing how up-to-date they are.

6



Both philosophies of vehicle replacement seem to have proven successful in keeping morale
high.

In practice, analysis of the factors described above has rarely been attempted, and

probably justifiably so under past circumstances. Collecting data and undertaking analysis
are time consuming and costly tasks distant from the interests and talents that motivate

a career in the fire services. Lacking even that portion of the data that does not require
prediction, an analyst would be forced to rely on assumptions and judgments which could

easily be rejected by those with different opinions.

Even the most elaborate replacement policies in use today were not developed through
the analysis of factors such as those described above. Where analysis has been attempted,
historical records have been inadequate so that estimates about the past and future of

vehicles are not firmly based on data. The resulting policies then are merely rough guide-
lines in the form of upper limits on dollar amounts of maintenance costs, and/or time

limits on age, before replacement. Such guidelines must, of course, be tempered by
subjective judgments, e.g. a newly repowered vehicle with a large repair cost recently
added to its ledger would not be replaced simply because the total maintenance cost had

just exceeded its prescribed upper limit.

In this discussion one final point should be made about comparing different replace-
ment policies. Implicit in the current practice of describing a replacement policy in

terms of the ages of the oldest pumpers and trucks, is the assumption that age reflects
the most relevant characteristics of the vehicle, i.e. its general condition and the
modernity of its features. This assumption, however, is not always true. In departments
capable of rebuilding vehicles, the up-to-date features may be incorporated in older
vehicles. Furthermore, "condition" itself is related to several other factors in addition
to age: the quality of the vehicle when purchased originally, the amount and type of usage,

the quality of preventive maintenance and repair, etc. Of these factors, only the amount
of usage is readily quantifiable and easily identified. In practice, however, it is the
age of a vehicle, a characteristic entirely predictable but only imperfectly indicative
of usage, which is used to describe a replacement policy. Because the replacement-
demanding vehicle conditions and features conveniently summarized by "maximum age" are not
generally stated explicitly, caution must be exercised by those inclined to justify their
own "age based" replacement policy by pointing to a similar policy in existence elsewhere,
where conditions may be quite different.

C. Maintenance . The nature of the maintenance provided is a factor vitally affecting
replacement decisions. With better maintenance, vehicles can be expected to last longer.
However, in determining a sound maintenance-replacement policy, a department should compare
the costs and benefits of providing less maintenance and replacing vehicles sooner with
those having more maintenance and delaying replacement.

The type of maintenance facility which is used impacts on replacement policy through
its effects on costs. There are three major types of such facilities: (i) those wholly
operated by the fire department, (ii) those operated by the city for the maintenance of
all city vehicles, and (iii) commercial garages which handle fire vehicle repair on some
type of contractual basis. The second category can be further divided into facilities in

Rotation of vehicles is useful to equalize usage so that age does, to some extent,
imply usage within a single department. If vehicles are rotated, it is essential to keep
both usage and maintenance records by vehicle rather than, or in addition to, records
organized by company.
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which the fire department maintains its own staff of mechanics, and those in which all city
vehicles are repaired by the same crews. In the first category, some specialized types of
repair work (e.g. radiators, body work, etc.) may be sent to commercial establishments.
Each category displays wide variation in that some maintenance facilities are capable of
virtually building an entire vehicle, while others have relatively meager capability. It

should be noted that the traditional practice of fire departments performing their own
maintenance and repairs, with their own staff, takes advantage of the direct interest,
motivation, and esprit de corps in a highly dedicated service. Employees in a citywide
facility may not be as well motivated, but such facilities often do allow economies of

scale in their operation. Furthermore, as cities grow larger and as vehicles become more
complex, the maintenance-repair job becomes larger, more technical, and farther removed
from fire fighting. Thus the personal dedication of the traditional fire department
maintenance facility becomes harder to retain,

A number of fire departments expressed concern over the current and future state of
fire vehicle maintenance. One of the most frequently mentioned causes of concern is the
number of authorized maintenance personnel. Fire departments are growing; more vehicles
and other equipment are in use and require maintenance and repair. In addition, newer
vehicles are often more complex than older ones and require more time to repair. This
increased work-loak on a fixed-size maintenance facility means that some of the work done
in the past is now either not done at all or not done as well. For some departments this
implies that less time can be spent fabricating parts or rebuilding vehicles, thus creating
greater dependence on the ability to purchase parts when needed and an increase in the
tendency to replace vehicles which formerly would have been repaired. In other departments
the increased workload has led to less time being spent on preventive maintenance.
Obviously the options involved in this problem include (i) increasing the maintenance
facility staff, (ii) replacing vehicles and other equipment sooner because staff is not
available to make certain repairs, and (iii) maintaining the status quo , realizing that
with less preventive maintenance, reliability is likely to decline. (This last alternative
is generally regarded by fire departments as unacceptable.) It was recommended by several
departments that nationwide guidelines on the size of maintence staff relative to fleet
size would be useful in determining the adequacy of maintenance staffs for various levels
of repair and maintenance capability.

A related problem in the area of maintenance is the difficulty some fire departments
experience in attracting and retaining highly qualified mechanics. This was especially
true of several of the maintenace facilities in which it is common practice to machine parts
not otherwise available, a skill apparently rare among younger mechanics. Many departments
currently offer specialized training to mechanics, and the possibility of expanding this
training should be explored.

D. Availability of Parts . In discussions with fire departments across the country,
problems in obtaining parts were cited continually. Many incidents involving a lack of
parts were recounted. One such incident involved new vehicles which had been delivered
but could not be placed in service because certain parts were not available from the manu-
facturer's supplier. The fire department suffers in that the vehicles are of no use to

them; the manufacturer suffers because vehicles will not be paid for until they can be
put into operation. More frequent than this extreme case were stories of ten to twenty
year old vehicles which had to be kept out of service for long periods of time awaiting
the arrival of ordered parts. Because fire fighting vehicles are expected to last for
a long time (relative to commercial trucks), it is important that spare parts be available
throughout the relatively long time span. Yet, most fire vehicle manufacturers are very
small relative to the auto-making firms, so that maintaining an extensive inventory of
spare parts over so many years is an expensive burden for them. Furthermore, the present
general shortage of raw materials is affecting the availability of many items.

There are at least two possibilities for improving the parts situation. First, any
standardization of parts would be extremely helpful. Second, as suggested by several fire
departments, a nationwide information clearinghouse for spare parts could be established.
(A similar facility reportedly operates to the advantage of truckers stranded on highways.)
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Currently, when a department needs a part which is unavailable from the manufacturer or

his suppliers, the fire official charged with the repair will make telephone calls —
usually on a random basis — throughout the country trying to find another department
which has the needed part and is willing to sell or trade it. The general idea of such
a clearinghouse is that fire departments would submit and subsequently update lists of

spare parts which they would be willing to sell or trade to other departments. An old
vehicle being sold for scrap, perhaps the last of its kind in a particular fleet, may have
parts which are badly needed in some other department, yet at present these parts are
seldom salvaged. Although the details of such a plan would have to be worked out, it

certainly appears to warrant further consideration-
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IV. THE REPLACEMENT PROCESS

This section of the report is concerned with the process of replacing a vehicle once
the decision to replace has been made. That process includes the following steps:

(i) deciding what type of replacement vehicle is desired,

(ii) obtaining a commitment of funds for the purchase,
(iii) writing specifications,
(iv) awarding contracts, and

(v) acceptance testing the delivered vehicle.

A. Custom Versus Commercial . The terms "custom" and "commercial" are frequently used

as descriptors of fire vehicles. Because definitions for these terms vary with the

opinions and experiences of the various fire departments, it is easier to explain their

usage by describing some of the characteristics ascribed to vehicles in each class. For

example, "custom" sometimes refers to fire vehicles with chassis built exclusively for

fire vehicle use. "Commercial", on the other hand, refers to chassis produced by the

large automotive manufacturers for multiple uses, of which fire vehicles are but one.

There is sometimes the implication that commercial vehicles are produced "assembly-line
style" with only superficial customizations available. The corresponding implication is

that custom vehicles are built "from scratch" to meet the specific requirements of each
individual fire department. An associated inference is that custom vehicles must be
described through a very detailed set of specifications, whereas commercial vehicles could
just as well be ordered by model number. Although these characterizations may not provide
an entirely accurate picture of the differences between custom and commercial fire vehicles,
they do convey the general attitudes with which many fire departments view the distinction.

The opinion of the majority of fire departments contacted in this study is that
"custom" vehicles are far superior to "commercial" vehicles. Many departments which have
or have had commercial vehicles have resolved to buy only custom vehicles from now on.

The general feeling is that fire vehicles with commercial chassis "just don't stand up as
well." There are, however, departments which like and buy the commercial vehicles. This
is partly (but not exclusively) because they are cheaper or because maintenance and repair
service is then available through local automobile service centers. Opinions were divided
as to whether parts were more readily available for commercial or for custom makes.

The important issue in buying fire vehicles is, of course, that the purchased vehicle
be capable of performing the required jobs for an appropriate period of time. If a lower
quality vehicle can be purchased at considerable savings and can perform well for some
reasonable period of time, it may be cost effective to purchase such a vehicle and plan to

replace it sooner than would be necessary for a superior one. Furthermore, a vehicle said
not to last long enough in one city may enjoy an entirely adequate life-span in an area
where there are fewer alarms or in another city where there are fewer hills, milder climate,
or a shorter replacement period. However, in a heavy-duty environment where vehicles must ,

for some reason, be kept for a long time, it is certainly wise to insist on purchasing the
most durable vehicles available. And, in those cities where funds can be obtained, it is
not uncommon to buy only "the best there is", since the additional reliability of and
departmental pride in these vehicles compensates for the additional expense.

B. Specifications . To insure that a vehicle will be capable of performing as desired,
fire departments write purchase specifications ("specs"). But even with the aid of the
National Fire Protection Association Pamphlet Number 19, Automotive Fire Apparatus [3], many
departments still feel they lack sufficient technical information and mechanical background
to develop good specs for their own needs. Some large departments which purchase vehicles
at frequent regular intervals have personnel specifically assigned to the job of writing
specs, and may have an up-to-date set of specs readily available at all times. But for
smaller departments, though, the task of writing specs can be awesome, and frequently they
must call upon city engineers and the local sales representatives for assistance. In
either case a great deal of time and effort is involved in writing specs, and there is no
real assurance that the result actually does specify an appropriate vehicle or that the
written specs truly succeed in describing the vehicle they are intended to describe.
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There are actually two steps involved in preparing specs: deciding on an appropriate
vehicle, and describing that vehicle in the specs. Determining that a vehicle is appro-

priate requires evaluation of the vehicle in terms of how well it meets the needs of the

department. Because specs are now written in fairly extensive detail, proper evaluation
requires up-to-date knowledge of individual components and understanding of how they

function in relation to the vehicle as a whole. Having conceptualized an appropriate
vehicle, a written description of it must then be prepared. At present, many specifications
explicitly require features which seemingly should go without saying, for example, this

extract from [3], "The engine oil fill pipe shall be large enough and so located as to per-
mit easy filling." Such a statement is probably included as a result of previous unpleasant
experiences with vehicle designs which made adding oil a difficult chore. That lack of

sufficient detail in the specifications has had serious implications is illustrated by the

following "horror story" recorded during our interviews. One department found that a new
pumper could not achieve the specified pumping capability. The manufacturer pointed out

in response to the department's complaint that the pumper had successfully passed tests
conducted at sea level, and no qualification as to altitude had been included in the specs.

Another factor complicating the task of spec writing is that it is not sufficient to

specify a level of performance: to be complete, specs should also require a long duration
for that performance. Thus purchasers specify, for example, a particular grade or thickness
of material because this is apparently the only way to attempt to guarantee in advance the

maintenance of a particular performance level over many years. (Lack of this kind of speci-
fication is sometimes used as a characterization of the so called "commercial" vehicles.)
Knowing what materials are available and desirable requires either a time-consuming effort
at keeping abreast of current technology or else further dependence on sales representatives
to help write specs.

One possibility for reducing some of the burden of spec writing is the adoption of

standard industry-wide "basic" vehicles for each of several usage categories, for example,
light, average, and heavy. Specifications for these basic vehicles might be drawn up by a

committee composed of representatives from fire departments and fire vehicle manufacturers.
Approval of the specs by the NFPA might be sought. Once these basic specifications are
properly documented, fire departments could then prepare most of their vehicle-descriptions
simply by citing these documented specs, giving detailed specs only for deviations from the
standard. The concept here is the seemingly contradictory one of providing "customized
standard" vehicles.

In addition to facilitating the job of writing specs, the formulation of such standard
basic vehicles may prove beneficial in other ways. To the extent that virtually identical
vehicles would be requested by many fire departments, manufacturers may be able better to
anticipate the demand for their products and to take advantage of economies of scale so as
to produce these standard vehicles at lower cost. Shorter delivery times may be possible
than are now experienced for the same vehicles without the philosophy of standardization.
Furthermore, since the basic vehicles would be experiencing widespread use, features which
are undesirable should be more readily noticeable so that the specs could be revised to
incorporate the indicated changes. This should result in greater assurance of the requested
vehicle's being appropriate for the anticipated duty. Still another advantage is the
possibility of developing acceptance tests specifically designed for each standard vehicle.
(This possibility will be discussed in more detail later.)

There are also benefits for any fire department desiring non-standard specs or innova-
tions. New ideas could be presented through a designated committee or organization for
nationwide distribution and comments. Even if such ideas were not accepted for incorpora-
tion into the standards, those departments supporting the idea could then approach the
manufacturers and bargain as a group in order to spread the amortization costs more evenly
among the interested departments. With the cost of requesting nonstandard items thus
reduced, new or "special" items could be put into use more easily and quickly.
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C. Budget Considerations . Which type of budgeting is employed is determined by the

city's governmental structure, and can greatly influence how much leeway a department has

in deciding how to use the money allotted to it. Generally funds for capital equipment are

provided either through bond issues, or in a separate capital budget, or as part of an
operating budget. When funds are dependent on bonds, there can be extraordinary time con-

straints on replacement because the pre-order lead time is greatly extended. Some

localities restrict the use of bond money, so that expenditures must be made as soon as

the funds are available. Other areas stipulate that vehicles can not be replaced until

the bonds financing their purchase have been paid off, and so the vehicles must be kept

in service until then. (A community enforcing such restrictions on its fire department
should be aware that it is in effect removing a large part of the replacement decision from
the hands of the officials most knowledgeable on the subject.)

Justification for funds may be required at different levels of detail. Here again
(cf . p. 6) data, as opposed to records, may be important since people farther removed from
a vehicle may be less inclined to make subjective decisions about replacing it, and may
not share (or necessarily trust) the intuitive perceptions of those "on the front line".

As the budgeting process becomes more formal it may behoove a fire department to have
built into its budget a fixed level of replacement, e.g. so many pumpers and/or trucks to

be replaced each year. With an established policy such as this, a department will have
less difficulty obtaining a minimum number of vehicles. The reasonability of such a policy
depends on several factors. If a city is changing in any substantial way (e.g. annexation,
population explosion, urban renewal featuring highrise buildings, etc.), this should be
considered in forming the policy. Also to be considered is the current condition of the
inventory. Clearly, if the fleet is basically new then such a policy is not reasonable.
On the other hand, if the fleet is currently old there may not be enough time to spread
out the replacement of vehicles over a number of years. If a fixed-level policy is to be
instituted, then it is important to choose it carefully since by its very nature such a

policy should not require annual reformulation. Many fire departments are using or start-
ing to use such a policy, and the tendency is toward shorter replacement cycles. Although
there are cities in which shorter cycles are called for, it is not clear that every
department aiming for a shorter replacement cycle is really justified in that objective,
or has seriously considered all of the alternatives in order to be certain that the
shorter cycle really represents the best possible decision.

D. Acceptance Testing and Evaluation . In many areas it is standard practice (and

often a legal requirement) for all new vehicles to be acceptance tested prior to being
placed in active service. The primary aim of such tests is to insure that the delivered
vehicle meets the specs. Devising and executing good tests can be a costly and time
consuming process, particularly if some new technology is involved for which adequate
tests may not yet be established. It is likely that numerous departments across the
country are executing the same tests on virtually identical vehicles, with neither the
test procedures nor the results generally made available to other departments.

There are several immediately obvious ideas worthy of further exploration in the
area of testing. First is the idea that both the procedures and the results of local
departmental tests be made available to other departments. Knowledge of test procedures
used elsewhere could help a department in establishing or modifying its own procedures.
Knowledge of the results obtained elsewhere would help the decision process in departments
which may be considering purchase of a similar vehicle. Also, comparing the results
obtained by several different departments could reveal areas in which more definitive
specs are necessary, e.g. the need to specify the altitude at which a specific pumping
capability must be achieved.

If the bond issue is for a sum of money to be used for replacement as necessary
over the time frame of the issue, without restriction as to how long the vehicles must be
utilized, then the bond money is very similar to an annual capital budget.
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Another idea is that of establishing standard acceptance tests developed specifically
for the proposed basic vehicles described earlier in this section. As indicated in the

previous paragraph, the existence of standard tests for a particular vehicle type would
lessen the need for locally devised testing procedures and would permit direct comparison
of test results obtained by numerous departments. If a particular vehicle type were not
performing well in some specific test, a significant amount of data would be available both
to back up the observation and to indicate to the manufacturer the extent of the problem.

Although some information on acceptance testing is included in Pamphlet 19 of the
NFPA^-'-^^, Automotive Fire Apparatus , many fire departments have expressed a need for

further guidance in this area. The NFPA Committee on Fire Department Equipment, which
prepares Pamphlet 19, might act on these needs. Alternatively, there may be need for a

national center devoted to the establishment of sound test procedures. Such a center
would accept responsibility for publicizing test procedures and results submitted by fire
departments, as well as establishing detailed test procedures for the proposed basic
vehicles and for new technology. Although no external group can completely relieve a fire
department of the responsibility for acceptance testing its own equipment, it is hoped that
follow-up efforts on these suggestions might help to lighten the testing burden under which
many departments now labor.

National Fire Protection Association.
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V. SUMMARY AND RECOMMENDATIONS

Our aim in this report has been to present and build upon the thoughts of fire
departments regarding various issues and problems relating to vehicle replacement.
Although, as mentioned previously, comments were not solicited from either city management
officials or vehicle manufacturers, it is clear from the departments alone that there is

no one "vehicle replacement problem," nor is there a single answer to any one of the more
specific problems that exist. There is, however, a single logical approach to problem
solving, namely that of considering a variety of alternatives and making a reasoned choice
from among them. This approach requires a thorough knowledge of the local situation, in-
cluding the ability to distinguish those procedures which are rigid or highly resistant to

change from those in which there is some flexibility and room for improvement. Data and
analysis to support a particular argiament may become increasingly important In the future
if others are to be convinced of the need for changes.

Considering all alternatives requires first knowing what alternatives exist. To this

end, improved communications among departments are imperative. In many organizations new
ideas, information, and channels of communication accompany personnel who transfer between
the particular group and other similar ones, frequently to obtain higher salaries or posi-
tions. The traditional fire department practice of promoting vertically from within the
ranks discourages lateral transfers of personnel from other departments, thereby eliminating
at least one common medium for communication. Although the practices of one department are
not in general best for all, knowledge of what other departments are doing will at the very
least reveal additional alternatives, and may actually provide useful new techniques.

Communications among departments should be expanded at all levels of the fire service.
In the interviews conducted during this study, fire officials stressed that the pamphlets
and journals of the NFPA are valuable, as are the numerous meetings and conventions they
attend in order to exchange views on many aspects of fire department operation. However,
this simply is not enough. There should be journals and reports aimed, for example, at
maintenance shop foremen, where problems, issues, and solutions specific to this particular
area of fire service can be readily presented and discussed. In the course of the study
many incidents were related to our staff in which a particular department had spent much
time and effort deliberating about a problem such as the purchase of some new equipment
(e.g. a new fabric for turnout coats), or developing a new technique (e.g. a different way
to dry hose), only to learn much later that other departments, sometimes nearby ones, had
earlier gone through the same process. During our visit to one department, the head of the
maintenance facility explained that he had installed a thermostat in some pumpers so that
the fan belt and cooling system did not operate until a certain temperature was reached, In
order to provide extra motor power on short runs (especially desirable in hilly areas) . In
a later interview with another department, a member of the project staff repeated this
story. The fire chief being interviewed immediately discussed the idea with his maintenance
chief and on the spot they jointly decided it was an idea worth trying in their own vehicles.
Perhaps something as simple as periodic newsletters, containing Information, reports, and
suggestions solicited from all departments and distributed to all departments, for various
aspects of the fire service, could prove a valuable asset to everyone concerned.

In the same general vein of improving interdepartmental communications are the recom-
mendations, earlier in this report, for a national clearinghouse for spare parts, nationally
accepted performance standards for vehicles at various levels of usage, and standards for
determining minimum staffing requirements at maintenance shops for various levels of fleet
size, maintenance, and repair. Again, in order to be useful, these suggestions must be
developed in detail and widely supported by members of the fire service.

One of the opportunities and responsibilities of the National Fire Prevention and
Control Administration might well be to support such efforts, to assist fire departments
nationwide to develop a clearinghouse for all kinds of useful information (including reports
on testing and implementation of new technology), and to provide a forum in which to discuss
and define standards in all areas of the fire service. This agency could also find it
natural to offer help in the areas of data collection and analysis, showing fire departments
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what types of data can be useful and assisting in the implementation of adequate data col-

lection and analysis procedures. Decisions made on the basis of greatly expanded data

(both local and national), together with some general guidelines, would in all likelihood

be distinctly superior to those currently being made.

On the other hand, fire departments of various sizes in various parts of the country

have vastly different problems, so that very few, if any, hard and fast rules can be for-

mulated. The dividing line between rules and guidelines or standards can be very fine.

Nothing in this report should be construed as implying any intention to pry the power of

decision away from the local level. There is a great deal of pride and a sense of unique

identity in local fire departments, and efforts to "help" would backfire should they cor-

rode this feeling which is so vital to the performance of the organization.

To conclude, the principal recommendations arising from this study are recapitulated
in list form.

On the local level:

(1) Expand efforts to determine what other fire departments are doing, including
problems encountered and "solutions" attempted.

(2) Publicize operational procedures, including problems and the approaches tried for

solving them. Disseminate information about what has worked as well as what
hasn't so that others can follow recommendations and heed warnings.

(3) Consider alternatives to current or traditional administrative procedures and
organization. The alternatives may prove preferable to the present system, they
may be the only solution when unprecedented situations arise, e.g. a budget
squeeze coinciding with increased demand for fire protection, and even if re-
jected, the evidence that alternatives have been considered and the reasons given
for rejection will strengthen the case for not adopting them.

These local recommendations require national-level efforts to facilitate the processes
of (1) finding out what other departments are doing, (2) publicizing procedures, and

(3) determining what alternatives exist for consideration. This report has discussed
several possibilities for improving communications and has given a number of ideas indica-
tive of the broad spectrum of administrative and organizational policies currently in use.

Undoubtedly many other alternatives exist, and will become apparent if the channels of
communication among departments are more firmly established. All of the national-level
recommendations presented below for consideration by the National Fire Prevention and Con-
trol Administration imply improved communications and will establish channels through
which departments can share their experiences in many aspects of the fire service.

On the national level:

(1) Establish an organization (or utilize one which already exists) devoted to
improving communications among departments about all aspects of the fire service.

(2) Establish a national clearinghouse for spare parts.

(3) Establish nationally accepted performance standards for vehicles in various usage
categories

.

(4) Establish standards for determining minimum staffing requirements at maintenance
shops for various levels of fleet size, maintenance, and repair.

(5) Explore the possibility of establishing national or regional centers for training
fire service personnel (e.g., courses for fire vehicle mei hanics) and for
establishing tests on vehicles and other equipment.
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Although our recommendations have been summarized separately under the categories of
"local" and "national", the success of any or all of them requires participation by many
local departments. Obviously, no one fire department can single-handedly undertake any of
the tasks listed above. But at the same time, no one fire department agreeing with these
recommendations can afford to sit back and assume that others will institute the programs.
Support for these ideas should be verbalized at every opportunity, to secure the level of

participation which is essential as the tasks are undertaken.
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Appendix A: OTHER PROBLEMS VOICED BY FIRE DEPARTMENTS

Although it was pointed out to the fire officials interviewed by our staff that the

area of concern of this study was the policies and procedures associated with fire vehicle
replacement, many officials seized the opportunity to verbalize other problems and diffi-
culties they see facing them. In this appendix we will recount a number of these perceived
problems, together with some of the suggestions made by fire officials for alleviating them.

The method proposed by one fire department to solve a problem it faces might not be accept-
able (or, at least, not be optimal) for another department apparently in the same situation.

Thus, any suggestions presented here should be considered to be just that, suggestions made
by individual fire officials. Undoubtedly there are many further areas in which fire

departments feel they are "hurting", and we are just scratching the surface.

The problems perceived by fire departments vary greatly across the country. Although
some may be universal, the majority are interwoven with the particular economic, political,
social and geographical conditions in which a department finds Itself and with the particu-
lar talents and abilities of the members of its staff. Also, while some problems have
existed for many years and will probably continue into the future, others are relatively
new. They are outgrowths of our rapidly growing technology, our shifting population, our
social problems, the energy crisis, environmental protection and a host of other changes in

our way of life. An example may be in order: In one city visited by our staff, there had
been an outbreak of false alarms and purposely-set fires as a form of social protest. The
department found that mini-pumpers cruising in the area (very much as police cars cruise)

were very effective in reducing these incidents.

Despite their diversity, the problems described to us can, for convenience of discus-
sion, be grouped under three main headings, relating respectively to perceived shortfalls
in resources, in the skills of communication and persuasion, and in technical background.
These will now be taken up in turn.

A. Resources . In many areas the overriding issue is money. Although the problem is

often stated as lack of equipment, lack of manpower, the inability to inaugurate new
programs or expand old ones, etc., the underlying need is for additional funds. Especially
in economically depressed regions, bond Issues are defeated at the polls, city expenditures
are trimmed to the bone and fire department budgets often do not rise as rapidly as the
cost of living. What funds are available are fought for vigorously by many city agencies,
and there is constant pressure to cut taxes and expenses. It then requires a maximum
effort on the part of fire officials even to maintain the status quo . Budget problems take
up more and more time, consequently fire problems receive less. Probably some further
economies are possible which would not adversely affect the quality of fire services pro-
vided, but without sufficient additional funds (particularly in an era of rapidly rising
prices) many hoped-for improvements in fire protection must be shelved or at least post-
poned .

This problem is of course not unique to fire departments, but rather is acute for all
the municipal divisions providing public services in our cities. No specific remedial steps
suggested themselves within the scope of our study, but we would have been remiss in failing
to mention here this topic raised with such strong feeling by so many chiefs.

B. Convincing Communicating Skills . Many departments feel that one of their most
important shortcomings is a lack of expertise in "public relations", and sometimes In pri-
vate persuasion as well. Several department chiefs listed among their frustrations a

continuing sense of inability to present their views with proper force and coherence to the
mayors, city managers, and legislators with whom they must deal, as well as to the general
public

.

Fire departments often see themselves in competition with the police department,
especially in cities where funds are scarce. As one fire official said, "Police Depart-
ments make the headlines more often than Fire Departments." Certainly, in cities with a
severe crime problem, the public has felt a greater urgency to strengthen and back up the
police than to support the fire department; distress over the rare disastrous conflagration
fades fast, while disturbance over crime is fed afresh with each day's newspaper.
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As a result, fire chiefs have felt it important to find ways to remind citizens of the

constant need for maintaining a strong fire fighting capability. In addition, it is

expected that such a campaign would help to upgrade the caliber of recruits to the depart-
ment and to strengthen the morale of the men already "on board". That such public relations
can be effective when vigorously pursued is illustrated by what happened in one city where,
following defeat of a bond issue for the construction of a new fire station and the purchase
of several vehicles, the fire department launched a wide-scale educational program, both in

the schools and for the general public. In order to give the public greater understanding
of the fire protection they were receiving, they were invited to see a demonstration of fire
fighting methods and of the training program. While it is difficult to gauge the effect of

such a public relations campaign, a bond issue presented to the voters a few years after the

start of this (continuing) program did pass.

It should be noted that failures in persuasion can adversely affect not only budget
problems, but also the laws and regulations under which fire departments must operate. For
example, a number of officials expressed disappointment and frustration that their recom-
mendations concerning such fire-related areas as building codes, road construction, etc.,

had been ignored. This was especially true in cities whose character is changing as, for

example, where high-rise buildings are appearing for the first time, or where ,large suburban
areas are being annexed.

In one city in which a large suburban area is currently being developed, cul-de-sacs
were designed in which the larger fire vehicles could not turn around. Although the fire
chiefs expressed their fear that such an arrangement would decrease their speed and flexi-
bility in moving vehicles in and out during a fire, they were unable to obtain any changes
in the street design. Such decisions of course have powerful impacts on both the costs and
the risks of fire-fighting.

C. Technical Background . Many fire officials believe that technology is rapidly
making fire fighting into a science, and they often feel hard-pressed to make intelligent
evaluations of the new fire-fighting tools and techniques. For example, a number of

chemical additives have recently been placed on the market. Before any one of them can be
adopted, its effects and side-effects (both long and short term) should be studied, and its

costs and benefits compared. Such an analysis strains the technological capabilities of

many fire departments.

Some departments have set up courses for uniformed fire fighters and for men intent on
joining the service. Many fire departments have increased the educational requirements for
fire-fighters (now usually requiring a high school diploma) . Several colleges and univer-
sities across the country have their own fire technology curricula. Whereas first-aid
specialists have to a great extent been replaced by para-medics who receive much more
medical education than was available in the past, fire ambulances carry even more sophisti-
cated life saving equipment, but often without comparable training for those who man it.

In virtually every aspect of a fire department's operation, the effects of technology
can be clearly seen. It is a major problem for the fire department to muster personnel
capable of dealing with this technology. Most of today's fire chiefs have worked their
way up through the ranks, usually after entering, at the lowest uniformed level, the
department they now head. It was these chiefs, perhaps with their own struggles in mind,
who suggested that men with more academic training in some area of fire-fighting might enter
the department at a higher rank. Also, on their way through the ranks, most current chiefs
spent considerable time in all of the specialty areas within a fire department (e.g., the
maintenance facility, the training program, the records and payroll office, etc.). As each
specialty area becomes more complicated and techniques become more sophisticated, a man may
spend his entire career in the fire department within a single specialty. It is expected
that the gradual change to in-depth trained area specialists will result in each area of a

fire department functioning more effectively, making for improved total fire department
operation. The problem remains as to precisely what curricula should be followed and where
such courses are available.
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While concerned about proper training for the next generation of fire chiefs, the

current chiefs at the same time feel the need themselves for constantly keeping up with the

latest methods, not only in fire fighting per se but also in many peripheral areas en-
countered in fire department management. The suggestion was often made that a national fire
academy, similar to the one run by the Federal Bureau of Investigation for police personnel,
could both help supply the more sophisticated fire chiefs that will be needed in the future
and offer short-term courses for men currently in the field in order to bring them up-to-
date with the latest technology.

A concluding note: at the time they were interviewed by our staff, many fire officials
were watching with great interest the progress of two separate fire protection agency bills
through the Congress. They anticipated that such an agency, should it become a reality,
would provide a place to which to turn for help with many of their problems. A new national
agency, set up to improve fire service across the country, would need to know with what
problems fire officials feel that they need help. Many of these problems are self-evident
and would certainly be voiced repeatedly. Some, however, are not as readily perceived - in

particular, B above is such a problem. Nevertheless, providing training and skills in
various phases of public relations to fire officials could be a real help in solving many
fire department problems.
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Appendix B: THE COMING NEED FOR DATA

In recent years, the methods and concepts of operations research and management science

have been applied to many facets of our society with an eye toward using our resources more
effectively. In particular, the literature devoted to mathematically oriented studies of

various aspects of fire protection is fairly large and every indication points to its con-

tinued growth in the future. Large scale studies of the total operations of an individual

fire department such as that undertaken by the New York City Rand Institute for the New York
fire department are beyond the means (and, perhaps, needs) of all but the very largest

cities across the country. However, many fire departments will undoubtedly during the

coming years turn to operations research and management science consultants, either commer-
cial or associated with nearby universities for help in dealing with problems they face.

For such consultants to be able to reach soundly-based conclusions it will often be neces-

sary for the fire department to supply quantities of accurate, meaningful, detailed data.

Such outputs are beyond the capabilities of most departments' record-keeping systems today.

As a tool for storing, manipulating and recovering large amounts of data, with a mini-
mum of expense and with minimum diversion of personnel to paper work, the computer is

indispensible . However, except for collecting incident data, the computer has thus far been
put to little use by fire departments. Even in departments for which access to electronic
data processing is now readily available, there is little interest in it.

The present state of affairs is well illustrated by reference, in particular, to data
on vehicles' operating and maintenance costs. A reassuring picture is suggested by the
report, in [4], that 80% (1,084) of the 1,375 cities responding to a questionnaire described
themselves as keeping such cost records for individual vehicles. And indeed, some sort of
performance and maintenance records were found to be kept in each of the cities visited by
our staff. But those records often proved fragmantary, seldom are tabulated or analyzed,
and typically would fall well short of providing a solid basis for recommending some desired
action.

This situation will need to change greatly in the next few years. Should significant
new national fire programs be instituted or the current programs be significantly expanded
in the near future (both of which now seem likely), the effort to choose these programs'
activities and allocate their resources for maximum community benefit will create an urgent
demand for all sorts of reliable data from fire departments across the country. The volume
of data which would be needed by these national programs will undoubtedly require that
records which are now generally kept by hand be computerized, and that many records which
are now either not kept or are kept haphazardly be carefully maintained. Currently, the
records kept by fire departments across the country vary greatly both in the quantity of
information they contain and in the format in which they appear. It seems both important
and feasible to begin at this time to develop a forecast of at least some of the data needs
of the future. On the basis of this forecast the fire departments could be helped to set up
uniform, viable, data gathering methods. Then we would have in place the machinery for
supplying the proper raw material to the fire research programs when they reach full scale.

In a previous unpublished NBS report [5], the need for standardized reporting forms was
emphatically noted. It is important that every attempt be made to see that data received
from various fire departments are comparable and combinable. Although some studies have
combined data obtained from numerous fire departments (e.g. [4], in which information from
questionnaires returned by 1,375 cities was compiled), there are presently serious problems
and pitfalls in such aggregation, and extreme caution must be used. For example, in
gathering data for the present report, various fire departments were asked how many pieces
of apparatus they currently had. Some listed only trucks and pumpers. Others included
chiefs' cars and/or ambulances. One department listed a thirty year old pumper which was
used only for parades, while another left off its list an antique pumper which it described
as a "museum-piece".
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The ability to combine data from several sources is particularly important in any study
of a statistical nature, since confidence in results increases as the volume of data in-
creases. Of course, the question as to whether data from different sources reflect the same
conditions must be carefully considered. In studies in which the data generated by a single
fire department provide too small a sample to be statistically meaningful, there may be no
alternative to combining data from several departments. For example, the number of col-
lisions of fire vehicles in a single city might very well be too small a sample from which
to obtain meaningful statistical results. Standardized forms together with careful instruc-
tions for filling them out would go a long way towards making possible large quantities of
compatible data. However, no program of standardizing forms or computerizing data can
possibly succeed without the wholehearted support of fire chiefs.

One obligation which can presently be anticipated is that of convincing fire chiefs
that it will be in their long-term Interest to devote manpower and funds to (1) improving
and expanding their records, (2) making (possibly expensive) changes in the way records are
currently kept to Insure compatibility in data obtained from multiple sources throughout
the country, and (3) putting things down on paper which are now unrecorded "common
knowledge" within the department.

Especially in smaller cities, the chiefs have the essential facts and figures at their
finger tips. However, as the size and population of the city (and, consequently, of the
fire department) grow, responsibilities become fragmented, overall detailed information is
more difficult to maintain mentally, and consequently the need for greater dependence on
written records becomes apparent. Nevertheless, at the present time, even the larger
cities feel that that portion of the data available which will be useful _to them at any
time in the future is small indeed. For this reason, few fire chiefs are receptive to the
idea of dedicating additional manpower and funds to the improvement of records or the col-
lection of data. Very recently the keeping of more detailed records on fuel consumption
has been triggered by the energy crisis, but the fire departments involved look upon this
as information they are supplying to outside agencies, more or less as a duty, not as some-
thing from which they themselves or their communities will ultimately benefit.

The above-mentioned obligation, to overcome this skeptical attitude and secure the
cooperation needed for success, carries with it three serious responsibilities. One is to

render all reasonable assistance in making the collection of data as painless as possible,
e.g. by striving for the highest quality of user convenience in the standardized reporting
forms (sturdy paper, spaces large enough to hold the desired information without cramping,
sensible questions understandably worded, etc.). A second is to think through in advance
the issue of "privacy" for information sent to a central file, identifying sensitive types
of data and providing the appropriate access-controls and procedures for preserving
anonymity. The third, and most demanding, is to be selective and discriminating in pro-
posing what information might be sought, including an item only when there is real reason
to believe that its usefulness outweights the cost to the local community (in dollars,
manhours, etc.) of its collection, but being alert to the potential value of material not
now recorded. These steps seem essential not only to obtain the necessary cooperation, but
also to deserve it.

In the main body of this report, the expressed need for greater communication between
departments of information relevant to vehicle testing was discussed in some detail.
Several of the fire departments we visited pointed out that another area in which this same
lack of communication is sadly felt is in the evaluation of all new equipment. Currently a

significant part of many department budgets is devoted to setting up tests for new equip-
ment. In many localities, state or city ordinances require that these tests be carried out
before the equipment is put into general use. As a result, the same equipment undergoes the
same tests at the same time in many parts of the country, each fire department working in
Isolation and not knowing of the tests others are performing. An example of this was men-
tioned to one member of our staff. Two departments (one of which we visited), located less
than 50 miles apart, made extensive tests on a chemical additive at the same time, unknown,
to each other. Only after both tests were completed did chiefs from the two departments
meet and, purely by accident, find our about each other's work. The results were identical.
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Because of the financial strain involved, some fire departments cannot afford the

expense of testing new equipment and so keep on using equipment other than that most suited
for their needs. These departments, especially, would benefit greatly if the results of

evaluations made by other departments (or by some state or national agency) were available
to them. However, it was pointed out during the same interview that a mere testimonial was
not what was needed, primarily because the department performing the test might be operating
under different conditions than the one receiving the testimonial. It was felt that the

basic information needed was the data obtained from the tests. With this available, each
fire department could make its own decisions based upon its particular needs.
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